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Fig. 2 Heat flux sensors in a thermal manikin
(Sensor: Open circle)
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(Devise type is shown in a brace)
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Fig. 6 Variation of heat flux with time into torso of a bare thermal manikin exposed to flame.
(Sensor 43 and 47: breast, Sensor 44 and 48: back)
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Fig. 7 Vertical distribution of the maximum heat flux
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Report of Fire Research Institute of Japan No. 66(1988)

Experimental Study on the Exposure of a Fire Coat
for a Fire-fighter to Flame using a Thermal Manikin
Part 1 Estimation of Incident Heat Flux to a Fire Coat

(Abstract)

Yuichi Watanabe
(Received May 31, 1988)

In order to estimate the incident heat flux to a fire coat exposed to a fire, we made a
thermal manikin with 80 heat flux sensors mounted on its surface.

The manikin was exposed to heptane fire from 1.2 sq. pan and heat flux received at 80
surface points were measured.

Based on the measured values of heat flux received on the surface of the manikin, we
estimated heat flux received on the surface of a fire coat when a fire-fighter in the coat is
exposed to the same pan fire. Estimated values ranged from 45 to 75 kw/m?.

Measured heat flux decreased from foot to head of the manikin because the flame thickness

became smaller with the height of a measuring points.
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(1) A : Vinylon 100%
(Single layer)

Fig. 1

(2) B : Aramid 100%
(Single layer)

BEAREEREL 2 —<i<oR X Y ICHAT 5 83
EFHEAFUET LI EICLY, BRBICBITLAAK
DB L L2 ), &KEICNS Y 20w
A& RRETZ 208 TEB L5110k 2,

ZIT, BWRTIE, BEIT280HEBHIAAIF—
CPHLCAXICBEFR L T EBIFAES 5w
kR EFERSE, 1. 2mAOBRENHOn—~7

(3) C: Aramid 100%
(Double layer)

Fire coats used in experiments.
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Table 1 Materials of fire coats and waterproof cover of legs
( (*) signs show that fabrics surface is coated with rubber which contains aluminum powder.)

Fire coat Waterproof cover of leg
Experi-
mental | Clothing : Thickness | Weight | Number : Thickness | Weight
mark | systems Materials (mm) (kg) |of cloths Materials (mm) (kg)
Single Vinylon 100% Single | Vinylon 100%
A layer *) 0.46 1.55 layer *) 0.48 0.98
Single Aramid 100% Single | Vinylon 100%
B layer *) 0.60 1.81 layer *) 0.48 0.98
Outer:
Double Aramid 100% 0.60 Single | Vinylon 100% 0.48 0.98
C Inner: 2.17 layer *)
layer Aramid 100% 0.24
*)
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Fig. 2 Experimental device to expose a thermal manikin wearing a fire coat to flame.
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Table 2 Ratio of 2nd burn parts area to total skin area of a fire man exposed to flame.
( (*) signs show that fabrics surface is coated with rubber which contains aluminum powder.)

Experi- Fire coat Exposure 2nd burn (%) 2nd burn (%) of each part
mental Clothing . time of thermal
mark systems Materials (sec) manikin Torso | Arm Leg | Head
A Single | Vinylon  100% 3 3 ! 0 2| 2
layer | (%) 5 48 7 | 13 | 20 8
3 3 0 0 0 3
Single | Aramid 100%
B byor N 5 27 5 0 17 5
8 52 11 5 28 8
OQuter: 3 5 0 0 0 5
Double | Aramid 100%
C Inner: ) 16 0 0 8 8
layer Aramid 100%
*) 8 32 0 0 24 8
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Experimental Study on the Exposure of a Fire Coat for
a Fire-fighter to Flame using a Thermal Manikin
Part 2 Fire-proof Characteristics of Fire Coats and
Dependence of the 2nd Burn Rates on Their Types

(Abstract)

Yuichi Watanabe
(Received May 31, 1988)

(Revised June 26, 1988)

We conducted flame exposure experiments of fire coats using a thermal manikin, and
investigated their fire-proof characteristics.

The results are summarized as follows.

(1) In order to prevent present fire coats from burning, the exposure time to flame must
be 3 seconds at longest. When the time is longer, a certain type of fire coat burned.

(2) The value of heat flux into a thermal manikin in a burning fire coat was twice as high
as that in an unburning fire coat of the same type.

(3) As the heat flux into the manikin in a double-layer fire coat was smaller than that in
a single-layer fire coat, the former is superior in thermal insulation to the latter.

Further, based on the measurement of the heat flux into the thermal manikin in flame
exposure experiments, we calculated the skin temperature found 2nd degree burn distribution
on the surface.

As results, the following facts were clarified.

(1) In order to keep the 2nd degree burn ratio 5% or less, the exposure time to flame of
fire fighters wearing the present fire coat must be 3 seconds at longest.

(2) When the exposure time was 5 seconds or longer, the 2nd degree burn ratio became
10% or more. The ratio varied depending largely on the materials and composition types of the

fire coats.
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Table 1 Tanks and Constants &, x*, x,, Xy

. . ervice volume . x* x X
kind of oil Syear [k] location £ [mm] [m;n] [mrn:x]
fuel oil 14 5,000 bottom 6.98 2.1 4.2 44

annular 11.0 2.0 3.2 3.2
crude oil 15 50,000 bottom 6.05 1.7 3.9 4.2
heavy oil 14 5,000 bottom 4.55 1.7 2.6 2.7
heavy oil 12 5,000 bottom 3.94 1.4 3.5 3.6
slop 17 1,000 bottom 4.44 1.3 3.6 2.6
heavy oil 10 5,000 bottom 3.43 1.0 4.2 4.5
kerosene 14 5,000 bottom 27.0 2.1 2.7 2.7
fuel oil 14 10,000 bottom 5.39 2.0 4.3 3.5
kerosene 10 20,400 bottom 4.26 2.5 5.1 3.8
kerosene 5 14,300 bottom 12.6 2.3 33 33
gasoline 6 13,700 bottom 8.45 2.2 3.5 4.1
fuel oil 7 13,700 bottom 8.59 2.0 3.1 3.1
kerosene 18 8,500 bottom 7.85 2.0 3.0 2.7
gasoline 14 1,900 bottom 8.18 1.4 2.6 2.7
heavy oil 10 10,000 bottom 11.2 1.2 2.0 2.0
heavy oil 16 15,000 bottom 7.06 1.1 2.4 2.8
crude oil 15 10,000 bottom 6.36 0.9 2.7 3.2
heavy oil 26 1,050 bottom 7.88 1.7 2.5 3.4
lubricant 25 1,050 bottom 7.88 1.7 2.5 34
heavy oil 26 1,050 bottom 9.81 2.4 35 3.5
fuel oil 8 14,300 bottom 8.35 1.8 3.2 3.2
fuel oil 12 2,800 bottom 7.40 1.9 3.1 33
kerosene 7 14,300 bottom 4.85 1.7 3.9 3.6
kerosene 7 14,300 bottom 10.8 1.6 2.0 2.0
kerosene 6 14,600 bottom 29.1 2.6 3.9 38
heavy oil 24 4,000 bottom 5.05 2.3 4.0 3.7
benzine 18 2,450 bottom 4.96 2.4 5.0 4.5
heavy oil 16 10,000 bottom 9.23 1.6 2.7 2.7
heavy oil 25 1,050 bottom 5.70 2.0 31 5.1
heavy oil 7 10,000 bottom 6.71 1.3 2.6 3.4
gasoline 16 10,000 bottom 6.95 1.7 3.6 3.7
gasoline 12 5,000 bottom 7.83 1.0 2.2 2.3
crude oil 15 200 bottom 5.48 0.9 2.5 2.2
heavy oil 9 8,000 bottom 8.30 1.9 2.9 2.7
lubicant 5 1,000 bottom 11.9 0.7 1.1 1.1
crude oil 15 200 bottom 5.51 1.4 3.1 3.5
fuel oil 11 500 bottom 10.3 1.1 1.7 1.9
gasoline 16 1,000 bottom 8.91 2.5 4.2 3.9

NOTE

£ : constant appeared in Eq. (1).
x* : lower limit of the pit depth, the accumulated number of which can be expressed by Eq. (1).
x, : depth of the pit corresponding to M(x) = 1.
Xm: depth of the deepest pit found in each tank.
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Table 1 Tanks and Constants (continue)

. . service volume . x* X X
kind of oil year [ki] location £ [mm] [mr‘n] [m111111]
heavy oil 9 16,000 bottom 7.45 1.1 2.1 2.8
heavy oil 16 5,000 bottom 4.00 1.2 33 3.3
heavy oil 8 100,000 bottom 8.59 2.5 4.1 3.8
? ? 1,780 bottom 11.8 34 5.2 5.0
kerosene 18 2,000 bottom 6.25 2.7 7.0 5.7
? 19 2,000 bottom 9.48 3.6 54 5.3
heavy oil ? 74,000 bottom 4.73 - 54 5.3
gasoline ? 11,200 bottom 8.13 — 1.8 1.8
kerosene ? 23,700 annular 10.3 1.5 2.1 2.4
bottom 12.9 2.8 3.9 3.9
fuel oil 6 11,300 bottom 4.88 1.6 3.7 3.7
heavy oil ? 23,700 bottom 8.89 - 24 2.4
heavy oil ? 1,720 bottom 6.68 2.1 34 3.5
heavy oil ? 25,0600 bottom 7.86 1.3 2.5 3.0
gasoline 17 2,000 bottom 5.55 1.7 3.9 3.8
? 18 5,000 annular 5.32 1.8 34 3.6
bottom 4.80 1.9 3.9 4.6
heavy oil 8 20,000 bottom 4.50 2.3 4.6 4.5
gasoline ? 1,000 annular 6.56 24 4.0 4.0
bottom 3.99 2.0 4.5 3.5
heavy oil 19 9,500 bottom 20.5 — 3.1 31
annular 9.71 2.3 3.4 34
around
patch 3.85 - 3.9 4.5
heavy oil 16 5,000 annular 4.70 - 5.8 4.8
bottom 8.80 - 4.8 4.9
around
patch 3.90 4.5 8.3 7.8
— : undetermined
70
—_ ,1.}
4 MEAN E 4
12 a
. VALUE OF & E60 ¥,
| - 7.9
10 £ 50 I g
Pe 8
&) 8
g 8 7 a4l | ° oo
2 — w °
2 z % 3 o
g 6 w30 %
w 77 ° % o
8
4 20 + )
27 10 |
0 1 T g H 1 i 1 1 1 1 1
20 40 60 80 100 120 130~ 0 10 20 30 40 50 60 7.0
VALUE OF & THEORETICAL :x, {mm)
Fig. 5§ Correlation between theoretical depth and
Fig. 4 The value of £ and the frequency observed one
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Report of Fire Research Institute of Japan No. 66(1988)

Statistical Study on Pitting Corrosion Depth and
Corrosion-perforation Rate

(Abstract)

Asamichi Kamei and Hisanori Amano

(Received May 31, 1988)

As the result of statistical study on corrosion pit which occurs on the bottom plate of an
oil storage tank, it is found that the relation between the depth (x) and the cumulated number
of deeper pit (M(x)) is expressed empirically as follows:

__a
M(x)——x—g—

where ¢ and £ are positive constants which depend on the corrosive environment.

Based on the above relation, corrosion-perforation rate is considered theoretically accord-
ing to Statistics of Extremes. Assuming that the depth of pit is expressed in the form of x = 7P
as the function of time 7, the probability ¥ (¢} that the perforation occurs within a certain
time ¢ has a Weibull distribution: that is,

wig=tem () ")

This Weibull expression can explain the life distribution of facilities of hazardous materials

which have been reported to be damaged by corrosion.
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Hose layers and positions of strain gages and acceleration meters
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EBICHL 2P &R —AREEF, —#HECER
RN2ETHB, —HBoEE #Fig.1(a) ITEEHAD
k% Fig.lb)icmd, /2, BR—REREDNET
% Table 1277 t, T &SR LHES X, R—2
HMBEHEORLEROKE I TH S, —HREIHBHED
FHR:gOEIEREN T E20rNL, BERIIL
E, BESBEBRCL - CHATES LY KERIMTS
nNTwz, —RUOHERZF— AEREERFICR—2
TARBREENDEEYEIRIBIRT(TELHE
EEBHRELLTH B, ZHENLETFRZERD
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3. RERKE

KEZaY7)— RO EICABOBELFEL,
FEER-RERENFBRELRI)BLD & & L BER
LHETTHEBIAEL ZMEE L TERMICRET D

Table 1 Hose layers of general type and Kano’ type

General type | ‘Kano’ type
length (mm) 1560 1825
width (mm) 1076 760
height (mm) 800 710
tread (mm) 900 600
weight (kgf) 80 50
diameter of tire (mm) 600 $290
tire type solid air
carring capacity 65 x20m | ¢65x20m

of hose x 10 pcs. x 8 pcs.

Table 2 Experimental conditions

B89 £ BIE L 7. K EE 12 Fig.1(a) (b) ic[_JED

(Al K¥FHE, A2 ETFTHE) TRIMBIRVT A
EHAIEERT 2B AT, e (—BE T
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CEMOMT, TNFANEETEBESETHEELLY 2
— &L 72, FEER—REREOETHEIL,
ETFRICN L CEELFAL»LET A A 27 THP
L, BErEo—cHR» 88T sBEr LREL T
Re>7z, EBIITable 212 RS EHT—R-I24T% »
2o BB, ZVITRANTITZWR—XDOEBEIT—
BEHTI0A (K999%kgf), BERNH 84 (¥7%el) TH
%,

4, REBRBRELUER
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EHE s — X EE (104 T99%ef, 8 A TT79%kegf) %R
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RBIONTEDVEL NS A D5, 12
—RETRI)BI BT, RETIMEEICITS,
TNDETLDENEL TS, 2, FIER—2X
EEENTERHIFRICREZICEL TWLwHTH
2eEZLNS,

Fig.2(b} e BT, el LV KREL, Z0fEidlE
THEEFKRELLLBIZONT, T, BEFE(LS
KONTEMT LI b, Lrl, BEIE

condition kind of a hose layer General type “Kano’ type
height of step (mm) 60, 103, 145 35, 55, 80
climbing low low
speed middle middle
high high
height of step (mm) 60, 103, 145 35,55, 80, 145
. low low
fall
atng speed middle middle
high high
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(b) ‘Kano’ type

Fig. 2 Acceleration occurred by climbing over a step
(o, : horizontal acceleration, «, : vertical
acceleration, W: hose weight)
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(b) ‘Kano’ type

Fig. 3  Acceleration occurred by falling
(e, : horizontal acceleration, a, : vertical
acceleration, W: hose weight)
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Fig. 4 Momentary maximum stress o max and
maximum stress amplitude 2A0
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(o, : vertical acceleration, W: hose weight)
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Report of Fire Research Institute of Japan No. 66(1988)

On the Strength of Hose Layers

(Abstract)

Minoru Yamada and Asamichi Kamei

(Received May 31, 1988)

Laying hose at a fire site, fire men have to spend a lot of their labor. To reduce their labor,
it is more efficient to use a power hose layer. Therefore, several power hose layers have been
recently developed.

Designing of the power hose layer, the strength is one of important factors. However, there
are very few reports on the strength of a hose layer.

Authors have examined experimentally acceleration and dynamic stress occurred in a hose
layer while climbing over and falling from a step. The remarkable results are obtained as follows,

(1) The vertical acceleration is more than that in moving directions. The maximum value is
1.2g in case of Kano type while climbing over a step.

(2) The momentary maximum stress generated in the main structural material of hose
layer is under on-third of their tensile strength.
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Table 1 Specifications of the power carrier

Dimension (mm)
overall length : driving 1340
: retracting 1100
overall width 831
overall height 885
loading height 168
tread 745
ground clearance 35
Weight (kgf)
power carrier 170
hose layer 72
hose carring capacity 110
total weight 352
Driving force
type DC motor
power (kw) 1(0.5x2)
battery voltage (V) 24 (12x2)
Body
material of frame steel
kind of crawler transformable
rubber crawler
crawler : width (mm) 55
: length (mm) 1770
sprocket : pitch diameter (mm) 117.6
: number of cog 17
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with brake clutch
for lift—up

Fig. 2 Power train illustration

|

Fig. 3 Transformable crawler system
D: diameter of wheel, O: center of rotation
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driving motor driving motor
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1lift motor *{ll
battery
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controller of 1ift motor

[ T T 1T

Fig. 4 Control block diagram of the driving motor and
the lift motor
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Fig. 5 Control method of revolution of driving motor
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(a) The power carrier and a hose layer

(b) Inserting the power carrier under a hose
layer

(c) Lifting up a hose layer

Fig. 7 Application of the power carrier
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(a) Belocated opposite to a step

(b) Contact with a step (d) Complete
Fig. 8 Climbing over a step
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2 maximum speed (km/h) 7.13
traveling distance (km) 1.2
1+ traveling time (min) 12.14
grade ability (deg) 20
0 I 1 1 step climbing ability (mm) 145
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TIME [minl

charging for 24 hours
Fig. 9 Relation between velocity and time for the
power carrier loaded with a hose layer
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Report of Fire Research Institute of Japan No. 66(1988)

The Development of Power Carrier of Hose Layer

(Abstract)

Minoru Yamada, Asamichi Kamei,
Masayuki Yoshioka, and Akira Shimada

(Received May 31, 1988)

When fire men lay hoses at a fire site, hose layers are commonly used. The weight of a hose
layer loaded with ten fire hoses amounts to 200 kgf. Fire men have to spent a lot of their labor
to operate it. Especially, it is so hard to lay hoses over an upward slope. Therefore, it is useful
to use a power hose layer in order to reduce their burden. However, it does not seem that the
power hose layers produced in the past are able to climb over steps and hoselines.

Authors have developed the power carrier for a hose layer, and have also investigated its
abilities. As a result, we obtained that transformable crawlers are useful enough for climbing
over steps and hoselines.
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Fig. 1 Flow chart of the calculating procedure
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Numerical Analysis of Electrostatic Fields Including Floating Potential

(Abstract)

Yoshiyuki Matsubara
(Received May 31, 1988)

A calculation method to get potential distribution including floating potential has been
investigated. The potential of metal, electrically insulated from the earth, was calculated through
Gauss’ law, and the potential distribution outside the metal was calculated by Finite Differential
Method. An iterative procedure was adopted to combine the potential of metal with the
potential distribution around it. The computer program developed was applied to some simple
arrangement of cylindrical tank containing charged oil, and the relation between potential of

floating metal and its geometric arrangement were discussed.
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